The new thermodynamic cycle using hydrogen energy is now under investigation by many engineers. The Japanese World Energy Network research program is also hydrogen technology development program. One of the target of the program is to develop the high thermal efficiency power plant without emissions. The H2-O2 fired gas turbine is the key technology of the project and the new RANKINE cycle is suggested as one of the most effective cycle.
NOMENCLATURE

INTRODUCTION
Hydrogen energy is the clean energy if it is produced by the renewable water electrolysis energy or solar energy. It can also contribute to an emission free thermal cycle if it is combusted with pure oxygen. In this point of view, H2-O2 fired gas turbine combined cycle is paid much attention ( Jericha et al., 1991) .
In Japan, the cycle is also investigating in World Energy Network (WE-NET) research program proposed by Japanese government. In the program, the hydrogen production technology, the hydrogen storage and transportation technology, and hydrogen utilization technology is now under investigation. (Katayama, 1994) To compare the H2-O2 combustion thermal cycle with the conventional combined cycle or proposed high efficiency fossil fuel cycles (Briesch, 1995 ; Nakhamkin, 1996) , the exact estimation of the energy which is consumed by the H2 and O2 production, storage, and transportation. With respect to this matter, some researches and estimations are reported (Hassman et al., 1993; .
On the other hand, the scope of hydrogen utilization is to develop the best thermodynamic cycles which can change the hydrogen energy to the electric power in high efficiency (Yamashita, 1994) . Among some proposed thermodynamic cycles, one of the direct steam expansion cycle called the new RANKINE cycle is investigated. And the performance calculations has been has been carried out. As the next step of the cycle investigation, the partial load performance calculation or the operation ability analysis is important. This paper deals with the operation ability analysis which investigate the algorithm and process flow lines for start up by dynamic simulations. Results shows that the new RANKINE cycle has the good possibility for the practical use. Figure 1 Schematic diagram of the new RANKINE cycle Figure 1 shows the new RANKINE cycle configuration. The feed water from the condenser (COND) is pressurized by the boiler feed water pump (BFP) to the super critical pressure, and heated in the heat recovery boiler (HRBL). The steam which is generated in HRBL, is expanded in the high pressure turbine (HT), reheated in the H2-O2 fired high pressure combustor (HPCOMB), and expanded in the high pressure gas turbine (IHT) again. The reheat and expansion is repeated in the H2-O2 fired low pressure combustor (LPCOMB) and the low pressure gas turbine (ILT). The steam from ILT heat the feed water in HRBL and condensed in COND after through the low pressure steam turbine (LT). In the cycle, because of the hydrogen and the oxygen is burned equivalently, the combustion gas is consist of pure steam and no emission is generated.
CONFIGURATION
As the development target, HT inlet condition is set to 34.3 MPa (350 ata) and 750 , which is the advanced technology from that of Ultra Super Critical achievement. And also IHT inlet temperature is set to 7.35 MPa (75 ata) and 1700 , which is more advanced technology than that of the former Japanese moonlight program. Figure 2 shows the new RANKINE cycle performance. The calculation includes the turbine blade cooling. The results indicate over 60 percent HHV thermal efficiency. (NEDO, 1995; NEDO, 1996) Location Pressure Flow Figure 2 The new RANKINE cycle performance
START UP ALGORITHM
The following two approaches are considered for the start up procedure.
(1) Turbines start up and HRBL heat up is operated independently (2) Turbines start up and HRBL heat up is operated cooperatively The approach (1) needs to add some start up flow lines. The start up algorithm using approach (1) The approach (2) needs the less additional line than the approach (1). Figure 5 shows the process flow configuration which include the start up flow line for the approach (2). The only additional line is the auxiliary steam line, and the IHT bypass line and valve. This bypass line and valve is necessary to control IHT rotational speed.
Process flow line for start up Figure 5 The start up flow line using approach (2) The start up algorithm is the following procedure. Turbines are started up by the auxiliary steam. After the turbine rotational speed reaches the rated speed, HRBL heat up starts and the initial load is maintained during the heat up. The details of this algorithm is described in figure 6 . Using this algorithm, the start up process flow line is more simple than that of approach (1). However, it is difficult to introduce the sufficient auxiliary steam because the big capacity of auxiliary steam supply system is required to maintain the initial load. Figure 6 The start up algorithm using approach (2) As mentioned above, these two algorithms have merit and demerit with each other. However, using algorithm (1), high temperature combustion gas flows through the turbine bypass line to HRBL. Therefore the high temperature piping area much increases, and the additional material development is required. On the other hand, using algorithm (2), despite the requirement of the big capacity of the 
COMPUTATIONAL MODEL
The simple dynamic simulation model is developed using Advanced Continuous Simulation Language (ACSL). The main components models are outlined as follows.
Turbine Model
In turbine model, outlet enthalpy and rotational speed is calculated. The turbine flow and turbine adiabatic efficiency is approximated from the appropriate turbine map . 
Combustor Model
The hydrogen and the oxygen is controlled to combust stoichiometrically. So the exhaust gas enthalpy is described in the following equations. Where, the enthalpy of hydrogen and oxygen before combustion is ignored.
Boiler Model
The boiler model is separated into the three sections which are the steam section, the steam-water section, the water section . Figures 8(a-e) gives the dynamic simulation results. The control and boundary condition using the start up analysis is shown in table 1. The cold start is assumed in this analysis, so that the turbine heat soak must be considered. Therefore, turbines start up rate are set to 50 min / (0 to rated speed). The results (CASE 1) show the plant start up time to the rated load is about 4.75 hours. This is close to the conventional combined cycle. HRBL heat up time is about 1.5 hours, where the auxiliary steam flow is about 30kg/s. The IHT inlet temperature, which is controlled to maintain the output power, shows about 300 . Where the ILT inlet temperature is set to 800 . Under these conditions, 25Mw initial load is maintained. HPCOMB and LPCOMB maximum fuel flow is about 7 percent and 15 percent of the rated fuel flow, respectively. In this case, about 30 kg/s auxiliary steam flow is required to maintain the initial load. To get the flow sufficiently, the big capacity of auxiliary steam supply system is necessary.
To reduce the auxiliary steam flow, the configuration shown in figure 9 is proposed. In this configuration, the feed water is sprayed to HPCOMB and LPCOMB during the initial load, instead of the auxiliary steam. These sprays will also activate to control the turbine inlet temperatures during the load operation. Figures 10(a-e) show the dynamic simulation results using the configuration depicted in figure  9 . The control set for the analysis is the same as CASE 1.
The results (CASE 2) show that this method gives almost the same start up time and HRBL heat up time as CASE 1. The maximum auxiliary steam flow is about 10kg/s which is indicated just before the initial load transient. During the initial load, the auxiliary steam flow, the HPCOMB spray flow and the LPCOMB spray flow indicates 5kg/s, 19kg/s, and 10kg/s respectively. The ILT inlet temperature is set to the same temperature as CASE 1. The HPCOMB and LPCONB maximum fuel flow are twice as 
CONCLUSION
For the new thermodynamic cycle study, the operation ability analysis is important as well as the performance analysis. This paper develops the algorithm and process flow line for start up of the new RANKINE cycle.
In the start up analysis, the same operational condition of the cold start as the conventional gas turbine combined cycle is used. That is (1) The start up rate of turbines are set to 50 min / (0 to rated speed) which is considered the heat soak.
(2) The load transient rate is set to 1 % / min. which is also considered the reduction of the turbine thermal stress. For getting the same start up performance under these conditions, HRBL heat up procedure is investigated. To reduce the heat up time in spinning reserve hold, the sufficient turbine steam flow is necessary. The feed water spray to HPCOMB and LPCOMB is useful to avoid the increase of the auxiliary steam flow and the combustion temperature. Through the operational analysis, the new RANKINE cycle shows the good possibility for the practical use.
